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COMPLETE SPBGEFIGATION 

Improvements in or relating to Burners for Pulverised Coal or 
like Solid Fuel or for Liquid or Gaseous Fuel 



Ij Janos Mnaos Bei^^ of the Department 
of Fuel Techaalogy, University of Sheffield, 
St. George^s Sqiiare, Sheffield, I, a Hungarian 
citizen^ do hereby declare the invention, for 
5 which I pray that a patent may be granted to 
me, and the mediod by which it is to be 
.performed, to be particularly described in- 
and by the following statemjent: — 

This invention relates to burners for pnl- 
10 verised coal or like soiid fuel or for liquid 
or gaseoois fuel and has for its obieat the 
provision of a burner for high intensity com^ 
bastion or reaction, of such fuels with gaseous 
leactants, such as air, oxygen or oxygenreo- 
15 riched air, or carbon dioxide. 

The invention maikes use of the principle 
that Mgii volumietric heat release raUes can 
be obtained under tuibaloKt conditions by 
matehing the concentrations and directions (rf 
20 flow of fuel and gaseous reactant in such s 
way tiiat regions of high fael concentration 
overlaip regions of large shear stresses in the 
laow ^rf gaseous leactant. 

AccorcKng ito die present invention, a burner 
25 f6r pulverised coal or like solid fuel or for 
liqtud or gaseous fuel compirises a plurality 
of concentric annular ^veigent nozzles, witi 
the inner end of each no^le al^ined siib- 
stEHidally waith the outer end of tiie adjacent 
30 inner nozzles, and a(kpted to be supplied 
with ai gaseous reactant and fuel in such a 
manner that the bidk of the fuel is directed 
into close proximity to tiie walls of the nozzles 
whereiby considerable turbulence watt be 
35 created by overlap with the regions of high 
shear stresses in tiie gaseous reactant result- 
ing frotmj the gradients of velocity caused by 
flow of tiie gaseoxis reactant close to the walls. 
Means are preferably provided for rotat- 
40 ing die gaseous r eactant, and/or gaseous fuel 

[Frice 



flowing initw the nozzles, so tiiat a forced vor- 
tex type flow is developed in the nozzles^ the 
peaks of both axial and! tangential flow velo- 
city being close to tiie Walls and, therefore, 
the piressure — as Well as the turbulence — 
being greatest close to the walls. Thus, with 
gaseous fuel the nozzles may be mounted 
at one end of the array of concentric pipes 
.fromi which reactant and/or fuel supply tubes 
extend tangentially; alternatively, with solid 
or liquid ^el, the concentric- pipes carrying 
the nozzles miay be provided with reactant 
and/or fuel supply tubes extending parallel 
to the axis of tiie burner, and baffles ptot- 
vided in the pipes for causing rotation of tiie 
reactant and/or fuel flowing between thsm- 
selves and the nozzles. 

Each divergent nozzle miay be piecedjed 
iby a convergent portion, with the inner end 
of the divergent portion aligned substantially 
with the outer end of the divergent portion 
of the adjacent inner nozzle. Thus each nozzle 
may be formed by a ring having a venturi- 
shaped' axial section, i.e., rounding rapidly 
frona the inlet end to a minimum' inside dia- 
meter and then diverging gradually to the 
outiet end, the ouaside of the ring being 
cylindrical and secured and sealed to the in- 
side of one of the array of concentric pipes, 
tiie adjacent pipe end preferably being flared 
iiutsematly to continue the divergence of the 
nozzla 

The hnmntiaa finds p^cular advanta^ 
in tiie provi^on of a large burner witiiouc 
loss of candbostioR intensity towards the peri- 
phery of the burner. Thus, while two con- 
centric nozzles xniay suffice, one or more 
furtiier annular divergent nozzles axe pre- 
ferably provided, witii the inner end of each 



45 



50 



55 



60 



65 



70 



75 



i 



1,(»9,959 



divergent nozzle aligped substantially with the 
outer end of the preceding nozzle. 

One large divei^OT:ce is formed by the 
array of divergent nozzles and owing to the 

5 radial pressure gradient in the large diver- 
gence, there is a strong reveree flow on the 
burner axis. This flow consists mainly of hot 
combustion products and plays an ino)- 
portant role in flame stabilisaition, which in 

10 turn enables large turn-down ratios to be ob- 
tained, while maintaining the original condi- 
tions of. high combustion intaisity. Complete 
combustion: with very little excess gaseous 
leactant can be obtained for all rates of 

15. combustion. 

The concentric pipes may be axially adjust- 
able relative to each other, to adjust the rela- 
tive positions of the nozzles for fine "tumng** 
of the bmner to suit any operating conditions; 

20 thus each pttpe may extend rigidly fromi an 
annular waH at the end remote from' the 
nc35Eles, the annular wall being adapted to 
screw or slide in sealing engagement on the 
ontside of the preceding inner pipe. How- 

25 ever, more usually a burner win^ be required 
for substantially closely maintained operat- 
ing conditions, so diat each annitlar wall nmy 
be rigidly secured (e.g., by welding) on the 
preceding inner pipe. Bracing stays may bs 

30 provided between adjacent pipes intermediate 
the nozzles and the supply tubes; thus baflles 
as d^cribed above may serve as bracing 
stays or as additional bracing stays.^ 
A fuel; supply system* for a liquid or pail- 

35 verised fuel burner may be a single spray 
jet mounted centrally of the innermost nozzle, 
with a spray angle dose to the angle of 
divergence of the nozzle, and the or each 
or any one additional nozzle m'ay be pro- 

40 vided with a ring of similar spray jets or a 
ring main with an annular spray jet or a 
succession of fan jets directed close to the 
wall of the nozzle. In a large burner (say 
six or more nozzles), all the nozzles may be 

45 provided with air supply tubes, while only 
the central nozzle and one or two additional 
nozzles have fuel jets. 

The fuel supply system! for a gaseous fuel 
burner may have alternate nozzles provided 

50 widi gas supply tubes, the other nozzles being 
provided wifii air or other gaseous reactant 

supply tubes. 

The two systems may be provided in one 
burner, for optional fuel supplies or, if de- 

55 drably operation with mixed fuels, e.g., oil 
and gas or pulverised fuel and gas. 

The outermost nozzle or its mounting pipe 
may be prcmded with an annular flange^ by 
msans of which the burner may be secured 

60 in an opening in- a furnace WalL The supply 
tubes may be provided with end fittings en- 
abling fexible tub» from) suitable sources 
(e.g., mains gas, oil tank^ and compressed 
air line) to be connected and disconnected as 

65 required. '> 



Because of the continuous flow of air or 
other gaseous reactant over the surfaces of 
the nozzles, keeping them cool despite con- 
siderable heat generated by the burner, the 
nozzles can be formed of mild steel, as can 70 
also all the other parts of the burner, thus 
avoiding any need for materials that are ex- 
pensive or difl&cult to work. 

One embodiment of the invention, a burner 
with both oil or pulverised fuel and gaseous 75 
fuel systems, will now be described, by way 
of example only, with reference to the accom- 
panying drawings, in which 

Figiure 1 is a part-seaional elevation of 
the burner; 80 

Figure 2 is a section taken on the line 
2 — 2 of Figure 1; and 

Figure 3 is an elevation of the right-hand 
end only of Figure 1. 

The burner has six concentric divergent 85 
nozzles 1 A . . . IF, formed by rings 2A . . . 2F 
each of venturi-shaped axial section and 
mounted in pipes 3A . . . 3F, with the adja- 
cent pipe ends 4A. . . 4F flared internally to 
continue the divergence of the nozzles, and 90 
with the inner end of the divergent portion 
of each nozzle aligned with the outer end 
of the preceding inner nozzle. The pipe 3F 
has an annular end wall 5F welded to the 
pipe 3E, which in turn has an annular end 95 
wall 5E welded to the pipe 3D, and so on, 
down to the pipe 3A, which has an annular 
end wall 5A welded to a tube 6 for supplying 
oil or pulverised fuel to a jet 7 in the nozzle 
lA, a tube 6X also passing through the an- 100 
nular end wall 5D for supplying oil or pul- 
verised fuel to a ring of jets 7X between the 
nozzle end of the pipe 3C and an additional 
concentric pipe 8. 

Tubes 9A . . . 9F extend tangentially from 105 
the closed ends of the pipes 3 A . . . 3F, three 
in one direction and three in the opposite 
direction in alteration (in this case upwards 
and downwards), as is convenient for connect- 
ing one set of three (say 9A, 9C, 9E) to a 110 
supply of gaseous fuel and the other set of 
three to a compressed air line, so that alter- 
nate nozzles are supplied with gas (lA, IC, 
IE) and air (IB, ID, IF). However, when 
burning oil or pulverised fuel supplied by 115 
the tubes 6, 6X to the jets 7, 7X, all six 
tubes are connected to a compressed air line. 

By matching the rates of flow of fuel and 
air, regions of high fuel concentration overlap 
regions of large shear stresses in the flow of 120 
air in close proximity to the walls of the 
nozzles, considerable turbulence being created. 
Because of the tangential entry of tbe gas or 
air into tiie pipes 3A . . . 3F, a forced vortex 
type flow is developed in the nozzles the 125 
peaks of both axial and tangential flow velo- 
city being dose to the walls and, therefore, 
the pressure — as well as the turbulence — 
being greatest close to the walls. Owing to 
the radial pressure gradient in the large diver- 130 
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gence formed by the array of nozzles lA . . , 
IFj there is a strong reverse flow on the 
burner axiSj which flow consists mainly of hot 
combustion products and plays an important 

5 role in flame stabilisation, which in turn en- 
ables large turn-down ratios to be obtained 
while maintaining the original conditions of 
high combustion mtensity. Complete combus^ 
tion with very little excess air can be obtained 

10 for all rates of combustion. 

WHAT I CLAIM IS: — 

1. A burner for .pulverised coal or like 
solid fuel or for liquid or gaseous fuel com- 
prising a plurality of concentric annular di- 

15 vergent nozzles, with the inner end of each 
nozzle aligned substantially with the outer 
end of the adjacent inner nozzle^ and adapted 
to be supplied with a gaseous rcactant and 
fuel in such a manner that the bulk of the 

20 luel is directed into dose proximity to the 
walls of the nozzles. 

2. A burner as in Claim 1, wherein means 
is provided for rotating the gaseous reactant, 
and/or gaseous fuel flowing into die nozzles, 

25 so that a forced vortex type flow is developed 
in the nozzles. 

3. A burner as in Claim 2, wherein, with 
gaseous fuel, the nozzles are moimted at 
one end of an array of concentric pipes from 

30 which reactant and/or fuel supply tubes ex- 
tend tangentially. 

4. A burner as in Qaim 2, wherein, with 
solid fuel or liquid fuel, the nozzles are 
mounted at one end of an array of concentric 

35 pipes which are provided with reactant and/ 
or fuel supply tubes extending parallel to the 
axis of the bumer^ and baffles are provided 
in the pipes for causing rotation of the re- 
actant and/or fuel flowing between them- 

40 selves and the nozzles. 

5. A burner and in any of Claims 1 to 4, 
wherein each divergent nozzle is preceded by 
a convergent portion^ with the inner end of 
the divergent portion aligned substantially 

45 with the outer end of the divergent portion 
of the adjacent inner nozsde. 

6. A burner as in Qaim 5, in combination 
with Qaim 3 or Qaim 4, wherein each 
nozzle is formed by a ring having a venturi- 

50 shaped axial section, the outside of the ring 
.being cylindrical and secured and sealed to 
the inside of one of the array of conc^tric 
pipes. 

7. A burner as in Claim 6, wherein the 
55 adjacent pipe end is flared internally to 

continue the divergence of the nozzle. 

8. A burner as in any of Qaims 3, 4, 6 
and 7, wherein the concentric pipes are axially 
adjustable relative to each other, to adjust 



the relative positions of the nozzles for fine 60 
''tuning" of the burner to suit any operating 
conditions. 

9. A burner as in Qaim 8^ wherein each 
pipe extends rigidly irom an annular waU at 

^e end remote from the nozzles, the annular 65 
wall being adapted to screw or slide in seal- 
ing engagement on the outside of the pre- 
ceding inner pipe. 

10. A burner as in any of Qaims 3, 4, 6 
and 7, wherein each concentric pipe extends 70 
rigidly fromt an annular wall at the end 
remote from the nozzles, the annular wall 
being rigidly secured on the preceding iimer 
pipe. 

11. A burner as in any of Claims 8 to IQ, 75 
wherein, bracing stays are provided between 
adjacent pipes intermediate the nozzles and 

the supply tubes. 

12. A biuner for liquid or pulverised fuel 

as in any of Qaims 1 to 11, wherein a fuel 80 
supply system is a single spray jet mounted 
centrally of the innermost nozzle, with a 
spray angle close to the angle of divergence 
of the nozzle, and the or each or any one 
additional nozzle is provided with a ring of 85 
sunilax spray jets or a ring main with an 
annular spray jet or a succession of fan jets 
directed close to the wall of the nozzle, 

13. A burner for gaseous fuel as in any 

of Claims 1 to 11, wherein alternate nozzles 90 
are provided with gas supply tubes, and the 
other nozzles are provided wi^ air or other 
gaseous reactant supply tubes. 

14. A burner for use vrith optional fuel 
supplies or operation with mixed fuelsj the 
burner being provided with the fuel supply 95 
systenas as in Qahn 12 and Claim 13. 

15. A burner as in any of the preceding 
Qaims, wherein the outermost nozzle or its 
mounting pipe is provided with an annular 
flange, by means of which the burner can 100 
be secured in an opening in a furnace wall. 

16. A burner as in any of the preceding 
Qaims, wherein the supply tubes axe pro- 
vided with end fittings enabling flexible tubes 
from suitable sources to be connected and 105 
disconnected as required. 

17. A burner as in any of the preceding 
Qaims, wherein the nozzles are formed of 
mild steel. 

18. A burner for pialverised coal or like 110 
solid fuel or for liquid or gaseous fuel sub- 
stantially as hereinbefore described with re- 
ference to the accompanying drawings. 

HULSB Sc COi, 
Chartered Patent Agents, 
269, Glossop Road, 
Sheffield, 10. 
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1 cuccT ^^'^ drawing (s a reproduction of 
i SMfctI Original on a reduced scaie 




